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Flow simulations through a turbine cascade were carried out for an exit isentropic Mach

number of 0.6 and a Reynolds number of 1.6 × 105. The main objective of the present study is to

study the effect of turbulence model on the calculated results. Calculations were carried out using

a locally developed numerical code, where a 2nd order Roe’s flux-difference splitting for inviscid

numerical fluxes and a 2nd order implicit dual time method for time integration. Three turbulence

models were compared namely SpalartAllmaras, Delayed Detached Eddy Simulation and Improved

Delayed Detached Eddy Simulation. In addition, the results of laminar calculation was considered.

The results show that although the turbulence models damped the flow unsteadiness, they have

good agreement with experimental results than laminar calculation.
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1. Introduction

Due to the importance of the low pressure (LP) turbines, many researchers investigated T106
LP turbine cascade. Stieger1) carried out pressure measurements on the suction side. There is a
moving bar wake generator passing in front of this cascade. On the other hand, Suzen and Huang2)

carried out numerical simulations using an intermittency transport equation. Langtry3) proposed a
correlation based on transition model. Stieger4) carried out measurement as a data base for CFD
validation. In the present work, a comparison among three turbulence models in addition to laminar
calculation were carried out on the same LP turbine cascade (T 106).

2. Investigated cascade

The investigated cascade is a T 106 LP turbine cascade. It has a chord of 198 mm, axial chord
of 170 mm, a blade stagger angle of 30.7◦, a pitch of 158 mm, and the inlet flow angle is 37.7◦. The
blade co-ordinates can be found in Stieger4).

3. Numerical method

3.1. Computational grid

The H-type grid was used in all cases. The grid has 402 points in the stream-wise direction, 210
points in the pitch direction, and 3 points in the span direction; total number of grid points is about
2.53×105.
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Fig. 1. Computational grid

3.2. Boundary conditions

All studied cases have the same exit isentropic Mach number (M2,is = 0.6) and exit isentropic
Reynolds number (Re2,is = 1.6×105) , based on chord length. In this study, inlet and exit boundary
conditions were imposed by the method of characteristics5). The non-slip condition was implemented
on the surface of the blade. The periodic condition was used in the pitch directions. As a thermal
boundary condition on the wall, the adiabatic condition was used in the present study.

3.3. Numerical scheme

Navier-Stokes equations were solved by a locally developed numerical code. The lower upper
symmetric Gauss Seidel (LUSGS6)) method was employed along with the second order dual time
method7) in order to obtain time accurate results for unsteady flow. In addition, the Roe’s flux-
difference splitting with E-fix8) was used to calculate inviscid numerical fluxes, where the second
order of accuracy was achieved by the MUSCL scheme with the Van Albada flux limiter9). On the
other hand, the viscous fluxes were calculated by central difference method.

The calculations were carried out by eight-processor Linux cluster, and the Message Passing
Interface (MPI10)) was used for parallelization.

3.4. Turbulent models

Three turbulent models were tested in this study: SpalartAllmaras (SA11)), Delayed Detached
Eddy Simulation (DDES12)), and Improved Delayed Detached Eddy Simulation (DDES13)).

4. Results and discussion

4.1. Pressure distribution along the blade

Figure 2 shows the distributions of the time-averaged pressure coefficient along the blade in all
studied cases as well as the experimental data1), where the pressure coefficient is calculated by the
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Fig. 2. Pressure coefficient along blade surface; Experiment was carried out by Stieger et al.1)

following equation:
Cp = (P0 − P )/(P0 − P2) (1)

where, P0, is total pressure at the inlet, and P2, is pressure at the exit. In all studied cases, the
numerical results show good agreement with that of the experimental data1) along the pressure side.
Along the suction side, there are deviation until S/S0 ≈ 0.5. From S/S0 ≈ 0.5, all turbulent calcu-
lations show good agreement with with that of the experimental data1), but the laminar calculation
has a deviation.

4.2. Pressure contours

The time-averaged dimensionless pressure contours through the cascade are shown in Fig. 3 for
all studied cases. As shown in Fig. 3 for all cases, the pressure has high value near the pressure side
and decreases gradually toward the suction side. In the wake region, the effect of the vortex shedding
is much clearer in the laminar calculation than all turbulent calculations.

4.3. Vorticity

The instantaneous dimensionless vorticity contours through the cascade are shown in Fig. 4 for
all studied cases. As shown in Fig. 4 for all cases, the vorticity has a distinctive value near the blade
and in the wake region. The turbulent calculations damped the flow unsteadiness, but the effect of
the vortex shedding is clear in the laminar calculation.
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(a) SA (b) DDES

(c) IDDES (d) Laminar

Fig. 3. Dimensionless pressure contours
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(a) SA (b) DDES

(c) IDDES (d) Laminar

Fig. 4. Dimensionless vorticity
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(a) SA (b) DDES

(c) IDDES

Fig. 5. Dimensionless eddy viscosity

4.4. Eddy viscosity

Figure 5 shows the contours of the dimensionless eddy viscosity for all turbulent calculations.
The eddy viscosity has a distinctive value near the suction side of the rear of the blade and in the
wake region. The eddy viscosity has higher value in the case of SA than DDES, and it has higher
value in the case of DDES than IDDES.

5. Conclusion

The numerical simulation of the flow field of a turbine cascade was carried out. The effect of the
turbulence model of the flow field was considered. Three turbulence models were tested in addition
to laminar calculation.

The computational results showed that there are similarity among all studied cases. The SA
turbulence model has the highest eddy viscosity, and IDDES turbulence model has the lowest eddy
viscosity. For the pressure coefficient along the blade, the turbulent calculations have more agree-
ment with experimental results1) than laminar calculation. The turbulence models damped the flow
unsteadiness, and the unsteadiness effect of the vortex shedding is observed only in the laminar cal-
culation.
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